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ABSTRACT
We present the results of observations of the galaxy Holmberg I carried out at
the Russian 6-m telescope in the narrow-band imaging, long-slit spectroscopy, and
scanning Fabry-Perot interferometer modes. A detailed analysis of gas kinematics,
ionization conditions, and metallicity of star-forming regions in the galaxy is presented.
The aim of the paper is to analyse the propagation of star formation in the galaxy
and to understand the role of the ongoing star formation in the evolution of the
central ‘galaxy-sized’ supergiant H i shell (SGS), where all regions of star formation are
observed. We show that star formation in the galaxy occurs in large unified complexes
rather than in individual giant H ii regions. Evidence of the triggered star formation is
observed both on scales of individual complexes and of the whole galaxy. We identified
two supernova-remnant candidates and one late-type WN star and analysed their
spectrum and surrounding-gas kinematics. We provide arguments indicating that the
SGS in Holmberg I is destructing by the influence of star formation occurring on its
rims.
Key words: galaxies: individual: Holmberg I – galaxies: star formation – galaxies:
irregular – ISM: bubbles – ISM: kinematics and dynamics – ISM: supernova remnants
1 INTRODUCTION
The origin of multiple kpc-scale supergiant shells (SGSs)
and holes in the H i discs of galaxies is a topic of lively
discussions, yet it is now not an intriguing issue. Dwarf ir-
regular (dIrr) galaxies served as the main testing ground to
study SGSs with sizes up to 2–3 kpc and a lifetime of hun-
dreds Myr. Today it is clear that dwarf galaxies sustain a
high SF efficiency over several hundred Myr and even up to
1000 Myr in some cases (McQuinn et al. 2009, 2010a,b) with
local short starbursts occurring during this period. Such a
long period of intense star formation provides sufficient en-
ergy from stellar winds and supernovae from multiple gener-
ations of stars to drive formation of the observed holes and
SGSs (see, e.g., Weisz et al. 2009b,a; Cannon et al. 2011a,b).
Today the study of short local current starburst events
usually occurring on the rims of SGSs seems to be most in-
teresting. Such regions of star formation are observed as the
extended complexes of ionized gas embedded in the walls
? E-mail: egorov@sai.msu.ru
of H i SGSs. It is important to understand what triggers
these local starburst events and how the ongoing star for-
mation affects the evolution of an H i SGS. A new burst of
star formation can either help an SGS grow to larger sizes
or push the neutral gas back into the central hole and/or
outside the SGS destroying the giant structure. According
to Warren et al. (2011), the interplay between these effects
will ultimately define whether a galaxy will or will not form
a large H i hole.
In order to shed light on the highlighted topic, we previ-
ously studied two well-known SGSs in the irregular galaxies
IC 2574 (Egorov et al. 2014) and Holmberg II (Egorov et al.
2017). Both galaxies contain a large number of H i SGSs,
while bright regions of the ongoing star formation are ob-
served only in the walls of few of them. Such a picture of the
H i distribution and star formation is typical of many irreg-
ular and spiral galaxies (see, e.g., Bagetakos et al. 2011). In
Egorov et al. (2017), we showed that star formation on the
rims of an SGS can often be a result of its collision with other
neighbouring H i SGSs. The existing models of collided su-
perbubbles also support this possibility (e.g., Chernin et al.
c© 2018 The Authors
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Table 1. Published parameters of Holmberg I.
Parameter Value Reference
DDO 63
Alternative names UGC 5139
KDG 57
RA (2000) 09h40m32.3s
Dec (2000) +71◦11′11′′
D (Mpc) 3.9 Dalcanton et al. (2009)
MB (mag) -14.8 Walter et al. (2008)
R25 (kpc) 1.9 Walter et al. (2008)
RHI (kpc) 4.5 Bagetakos et al. (2011)
MHI (10
8M) 1.4 Bagetakos et al. (2011)
Vsys ( km s−1) 140 Oh et al. (2011)
log(SFRHα) (M yr−1) -2.21 Karachentsev et al. (2013)
12 + log(O/H) 7.9 Moustakas et al. (2010)
1995; Ntormousi et al. 2011; Kawata et al. 2014; Vasiliev &
Shchekinov 2017).
In this work we focus on another type of galaxy with
SGSs. Some dIrr galaxies contain a galaxy-sized central H i
supershell that becomes the main feature of the ISM encom-
passing the whole optical disc. The most striking examples
of such galaxy-sized SGSs might be observed in DDO 88
(Simpson et al. 2005), Sextans A (Skillman et al. 1988; van
Dyk et al. 1998), M81 dwA (Sargent et al. 1983; Westpfahl
& Puche 1994), SagDIG (Young & Lo 1997), Holmberg I
(Tully et al. 1978; Ott et al. 2001). The latter galaxy is the
object of our study in this paper.
Holmberg I is a low-mass dIrr galaxy (IAB(s)m accord-
ing to the de Vaucouleurs et al. 1991 classification) belonging
to the M81 group. Its main parameters are listed in Table 1.
The first H i radio observations of Holmberg I performed
at the Westerbork radio telescope were presented by Tully
et al. (1978). Puche & Westpfahl (1994) and Walter et al.
(2008) published the data obtained at the VLA. According
to these observations, the H i disc in Holmberg I shows the
low-velocity dispersion σHI ∼ 9 km s−1 and a slow rotation
(Oh et al. 2011; Stilp et al. 2013). Due to the low inclination
(i = 10− 14◦), the estimates of the vertical H i scaleheight
by different authors are very uncertain: h = 250 − 550 pc
according to Ott et al. (2001), 640 pc according to Bagetakos
et al. (2011), and 191± 41 pc in Stilp et al. (2013).
The most detailed analysis of H i in Holmberg I was
performed by Ott et al. (2001). The authors showed that the
H i distribution in Holmberg I is dominated by the central
supergiant shell; its morphological center is offset by 0.75
kpc with respect to the dynamical center of the galaxy. From
a comparison with isochrones, as well as from dynamical
modelling based on the H i data, the authors derived that
the age of the central supergiant H i shell is equal to 80±20
Myr. Later Bagetakos et al. (2011) have detected five other
H i holes of a smaller size in the galaxy.
Vorobyov & Basu (2005) carried out numerical simula-
tions of the ISM structure in Holmberg I. They investigated
three scenarios of the central H i hole formation: multiple
supernova (SN) explosions, a single gamma-ray burst, and
a vertical impact of a high-velocity cloud. Multiple SN ex-
plosions were shown to reproduce the H i morphology of
Holmberg I more accurately.
A comparison of optical images and the H i distribu-
tion shows that the regions of ionized gas are observed on
the rims of the central H i supergiant shell in Holmberg I
(see Fig. 1). The H ii regions in the galaxy were catalogued
by Miller & Hodge (1994). The authors identified 32 H ii
Figure 1. False-colour image of Holmberg I. Blue colour shows
the H i emission in 21 cm taken from the LITTLE THINGS sur-
vey (Hunter et al. 2012); red and yellow colours show the optical
images presented in this work and trace the emission in the Hα
line and the stellar population, respectively.
regions and measured their sizes and luminosities. Only a
few of them were previously spectroscopically observed. The
metallicity of a few bright H ii regions in Holmberg I has
been studied earlier by Miller & Hodge (1996); Croxall et al.
(2009); Moustakas et al. (2010). Berg et al. (2012) performed
a deep spectroscopy of one H ii region in the galaxy and
estimated the oxygen abundance using the direct method.
These studies have showed that the galaxy has a low oxy-
gen abundance 12 + log(O/H) ∼ 7.9 that is typical of its
luminosity.
In the present paper, we analyse the gas kinematics and
the emission spectrum of star-forming regions in the galaxy
Holmberg I and discuss the origin of these regions. Our aim
is to recognize how star formation affects the evolution of
H i SGSs using Holmberg I as an example. The paper is
organized as follows. Section 2 presents the details of per-
formed observations and data reduction. Section 3 describes
the young stellar population in the galaxy. In Section 4 we
analyse the general H i kinematics of the galaxy and per-
form a search for expanding shells and supershells in H i and
Hα. Section 5 is dedicated to the analysis of the ionized gas
morphology in Holmberg I, while in Section 6 we describe
the spectroscopic properties of the individual H ii regions.
In Section 7 we discuss the inferred results and in Section 8
summarize the main conclusions.
2 OBSERVATIONS AND DATA REDUCTION
2.1 Optical FPI-observations
The observations were carried out at the prime focus of the
6-m telescope of the Special Astrophysical Observatory of
MNRAS 000, 1–25 (2018)
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Table 2. Log of the observations
Data set Date of obs Texp, s FOV ′′/px θ, ′′ sp. range λc, Å δλ or FWHM , Å
FPI #1 2014 Dec 19/20 40× 300
6.1′ × 6.1′ 0.71 2.1 8.8 Å around Hα − 0.48 (22 km s−1)FPI #2 2015 Nov 04/05 40× 300 1.5
LS PA=142 2016 Mar 02/03 6600
1′′ × 6.1′ 0.36
3.5
3600–7070
−
5.2
LS PA=150 2017 Dec 09/10 3600 1.5 4.7
LS PA=212 2017 Dec 08/09 8100 2.2 4.7
LS PA=259 2016 Feb 10/11 4500 2.2 4.5
LS PA=259 2015 Nov 05/06 2700 1.0 4.5
Image FN655 2015 Apr 25/26 3600
6.1′ × 6.1′ 0.36
1.2 Hα +[N ii] 6559 97
Image FN674 2017 May 28/29 2700 1.3 [S ii] 6717+6731 6733 60
Image FN501 2017 May 28/29 1800 1.4 [O iii] 5007 5012 119
Image FN608 2015 Apr 25/26 1200 1.2 continuum 6099 166
Image FN712 2015 Apr 25/26 1200 1.2 continuum 7137 209
Image SED525 2017 May 28/29 900 1.6 continuum 5271 251
Figure 2. False-colour image of Holmberg I. Red colour corre-
sponds to the image obtained with the narrow-band filter centred
on the Hα emission line, while the blue and green channels show
the emission in the continuum (see Section 2.3 for details). The
slit positions used during spectroscopic observations are overlaid.
the Russian Academy of Sciences (SAO RAS) using the scan-
ning Fabry–Perot interferometer (FPI) – IFP751 – mounted
inside the SCORPIO-2 multimode focal reducer (Afanasiev
& Moiseev 2011). The operating spectral range around the
Hα emission line was cut by a bandpass filter with the
FWHM ≈ 14 Å bandwidth. During the scanning process,
we have consecutively obtained 40 interferograms at differ-
ent distances between the FPI plates. The log of these ob-
servations and the parameters of other data sets are given
in Table 2, where Texp is the exposure time, FOV – the field
of view, ′′/px – the pixel size on the final images, θ – the
final angular resolution, λc – the central wavelength of the
filters used, δλ – the final spectral resolution, and FWHM
is a bandwidth of the filters used.
The data reduction was performed using a software
package running in the idl environment. For a detailed
description of the data reduction algorithms and software,
see Moiseev (2002); Moiseev & Egorov (2008) and Moiseev
(2015). After the initial reduction, sky line subtraction, pho-
tometric and seeing corrections made using the reference
stars, and wavelength calibration, the observed data were
combined into data cubes, where each pixel in the field
of view contains a 40-channel spectrum. We observed the
galaxy at two position angles in order to remove the para-
sitic ghost reflection. These data were reduced separately to
get the wavelength cubes of the object. The analysis of Hα
line profiles was carried out using the multicomponent Voigt
fitting (Moiseev & Egorov 2008) that yields flux, line-of-sight
velocity, and velocity dispersion corrected for instrumental
broadening for each component as an output.
2.2 Long-slit spectroscopic observations
We observed the galaxy Holmberg I in the long-slit mode of
the SCORPIO-2 focal reducer at 6-m SAO RAS telescope.
Using the VPHG1200@540 grism as a disperser, we have
obtained spectra with four slit positions (PA=142, PA=150,
PA=212, and PA=259, see Fig. 2). The length of the used
slit was 6 arcmin, while its width was 1 arcsec. The spectral
resolution estimated as the FWHM of air-glow emission lines
varied from 4.5 to 5.2 Å.
The data reduction was performed in a standard way
using the idl-based pipeline for reducing long-slit spectro-
scopic data obtained with SCORPIO-2. The data reduction
includes the bias subtraction, line curvature and flat field
corrections, linearisation and air-glow lines subtraction. We
linearised the spectra using the reference spectrum of the
HeâĂŞNeâĂŞAr lamp obtained during observations. In or-
der to calibrate the spectra to the absolute intensity scale, we
observed one of spectrophotometric standards (AGK 81d266
and G191B2B) at a close zenith distance immediately after
or before the object.
The spectrum corresponding to the slit position
PA=259 was observed twice with different exposures and
at different seeings. In order to increase the signal-to-noise
ratio, we have combined the two observations into a single
spectrum for a further analysis. Before that, the spectrum
with a better seeing was convolved with the Gaussian kernel
to achieve the same spatial resolution as for the second one.
It is worth noting that the spectrum with PA=150 was
observed in bad weather conditions. The unstable trans-
parency due to clouds has made the flux calibration unreli-
able for that spectrum, yet the relative flux ratios of nearby
emission lines analysed in this paper are correct.
MNRAS 000, 1–25 (2018)
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The main purpose of the long-slit observations was to
analyse the age, ionization conditions, and gas metallicity of
H ii regions in the galaxy. Hence, we were interested in the
emission-line fluxes and equivalent width. To measure the
fluxes of emission lines we used our own software working in
the idl and based on the mpfit (Markwardt 2009) routine.
The Gaussian fitting was applied to measure the integrated
line fluxes of each studied region. To subtract a spectrum
underlying stellar population, we performed its modelling
using the ULySS1 package (Koleva et al. 2009). However, its
influence on the measured emission-line fluxes of H ii regions
appears to be almost negligible in our case, so we decided
to skip this procedure in order to not add systematic errors,
which can be produced in case of an unreliable model. For
estimating the final uncertainties of the measured line fluxes,
we quadratically added the errors propagated through all
data-reduction steps to the uncertainties returned by the
mpfit.
A reddening correction was applied to each spectrum
before estimating the line-flux ratios listed in the paper. For
that we derived the E(B − V ) colour excess from the ob-
served Balmer decrement and then used the Cardelli et al.
(1989) curve parametrized by Fitzpatrick (1999) to perform
a reddening correction. In this paper, we use the follow-
ing abbreviations of the emission-line flux ratios: [S ii]/Hα
is F([S ii] 6717,6731Å)/F(Hα); [N ii]/Hα is F([N ii]
6584Å)/F(Hα); [O iii]/Hβ is F([O iii] 5007Å)/F(Hβ).
2.3 Narrow-band imaging
Deep optical images of Holmberg I in the Hα, [S ii], and
[O iii] emission lines were taken at the prime focus of the
6-m SAO RAS telescope with the SCORPIO (Afanasiev &
Moiseev 2005) and SCORPIO-2 multimode focal reducers
using the narrow-band filters FN655, FN674, and FN501,
respectively. The transmission curves of each used filter can
be found on the SCORPIO-2 website2.
We used the broader-band FN608, FN712, and SED525
filters centred on the continuum to subtract stellar contam-
ination from the images obtained in the same night.
In order to calibrate the images to the absolute in-
tensity scale, we observed the spectrophotometric standard
AGK 81d266 with each line-centred filter immediately af-
ter the object at a close zenith distance. The obtained im-
ages were additionally corrected for the interstellar redden-
ing using the Cardelli et al. (1989) curve parametrized by
Fitzpatrick (1999) and the colour excess E(B − V ) = 0.05
derived from our spectra.
Because the FWHM of the FN655 filter is broader than
the distance between the Hα and [N ii] emission lines, the
image in this filter is contaminated by the [N ii] 6548, 6584 Å
emission. According to our spectroscopic observations, the
[N ii]/Hα flux ratio is 0.05 − 0.07 for Holmberg I (see Sec-
tion 6). Since the transmission of the FN655 filter is lower
in the region of [N ii] emission lines than that of Hα, we
conclude that the [N ii] contamination of Hα images does
not exceed 5 per cent.
1 http://ulyss.univ-lyon1.fr
2 https://www.sao.ru/hq/lsfvo/devices/scorpio-2/filters_
eng.html
A similar situation also takes place for the FN501 filter
– the [O iii] 5007 Å image is contaminated by the [O iii]
4959 Å line that is 3 times fainter. Taking it into account,
as well as the differences of the FN501 filter transmission
at 5007 Å and 4959 Å, we multiplied the fluxes of the final
[O iii] image to 0.8 to reveal only [O iii] 5007 Å emission-line
contribution.
Our final narrow-band images show surface-brightness
value at the 3σ level corresponding to (3.3, 2.4, 3.6) ×
10−17erg s−1cm−2arcsec−2 in the Hα, [S ii], and [O iii] emis-
sion lines, respectively.
In order to get the [O iii]/Hβ flux ratio from our images,
we took into account a theoretical ratio of Hα/Hβ = 2.86
for Te = 10000 K and used the reddening corrected Hα
image divided to this value to estimate the Hβ flux. All the
[O iii]/Hβ maps and values derived from the images and
used further in the paper were obtained in that way. Because
of the low metallicity and hence the low dust content in
Holmberg I, as well as of the small variations of E(B −
V ) (according to our spectra, see Section 6), this procedure
yields realistic values of the [O iii]/Hβ flux ratio in our case.
The performed Monte Carlo simulations showed that typical
relative uncertainties of that ratio for our data are 10 per
cent for the signal-to-noise ratio S/N=30 and 30 per cent
for S/N=5. At the same time these uncertainties should be
5 and 27 per cent, respectively, if direct measurements of
the Hβ flux were available.
2.4 Multiwavelength archival data used
We used the archival VLA data in the H i 21-cm line from the
LITTLE THINGS survey (Hunter et al. 2012) for studying
the H i gas distribution and kinematics. In this work we used
the natural-weighted data cube with the angular resolution
beam = 14.7× 12.7 arcsec and velocity scale 2.6 km s−1 per
channel.
In order to analyse the stellar population, we used the
images of Holmberg I obtained with the ACS/WFC camera
at the Hubble Space Telescope (HST ) with the F555W and
F814W wide-band filters. These images were obtained as
part of a larger HST program aimed at studying M81 Group
dwarf galaxies (GO-10605; PI: Skillman; Weisz et al. 2008)
and were reprocessed within the ACS Nearby Galaxy Sur-
vey Treasury (ANGST) project in Dalcanton et al. (2009).
In this paper we used their published results of stellar pho-
tometry.
The archival far-ultraviolet (FUV) images from the
GALEX observatory were used for analysing the recent star-
formation activity in Holmberg I. The calibrated data pub-
lished by Hunter et al. (2010) were downloaded from the
LITTLE THINGS archive.
3 YOUNG STELLAR POPULATION
The first studies of the young stellar population in Holm-
berg I were performed by Hoessel & Danielson (1984) with
an early CCD imaging. They found that the galaxy has a
small number of stars with the masses M > 20M, and that
even the majority of the 16M stars appear to have evolved
significantly to the red.
The abilities of HST images allowed one to study the
MNRAS 000, 1–25 (2018)
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Figure 3. Top panel: observed CMD of the galaxy Holmberg I.
The coloured lines correspond to the PARSEC isochrones (Bres-
san et al. 2012) computed with the CMD 2.9 code for different
ages and for the metallicity Z = 0.004. The coloured rectangles
show the areas filled by stars of different ages. Cyan – OB stars
younger than 20 Myr; blue – BHeB (Blue Helium Burners) stars
younger than 30 Myr; green – BHeB of ages from 30 to 55 Myr;
orange – BHeB of ages from 55 – 115 Myr; red – BHeB of ages
from 115 – 190 Myr. Bottom panel: dependence of the F555W
magnitude on the age of BHeB stars for different metallicities.
resolved stellar population and star-formation history in the
galaxy. Weisz et al. (2008) presented the spatial density dis-
tribution of blue and red stars in Holmberg I (see their fig. 9).
They found that older red stars are highly concentrated in
the interior of the central H i SGS, while the blue stars lo-
cation correlates with the H ii regions. The authors showed
that Holmberg I had two episodes of the intense star forma-
tion – the ancient one that occurred several Gyr ago and the
current one that started in the last 100 Myr.
We used the available results of the HST photometry
of individual stars in Holmberg I to identify main-sequence
OB stars which could be responsible for ionization of the ob-
served H ii complexes. The selection of these stars was per-
formed following the procedure described in Bastian et al.
(2011). Analysing the colour–magnitude diagram (CMD),
shown in the top panel of Fig. 3, we identified 121 objects
that should be young OB stars, 40 stars among them have
MF555W < 5 and give the major contribution to ionization.
Their location is shown in Fig. 4 in light blue; the size of
star symbols correlates with their number of ionizing quanta
on the logarithmic scale. It is worth noting, however, that
since the main-sequence branch is not very clearly resolved
in the CMD, some of the detected OB stars might not be
OB stars actually.
Many previous studies (see, e.g., Dohm-Palmer et al.
1997; Weisz et al. 2008; Bastian et al. 2011) used the position
of Blue Helium Burner stars (BHeB) in the CMD as a good
indicator of their age. To select BHeB stars of different ages
in Holmberg I, we used the PARSEC isochrones (Bressan
et al. 2012; Chen et al. 2014, 2015; Tang et al. 2014) com-
puted with the CMD 2.9 code3. As is shown in the bottom
panel of Fig. 3, the F555W luminosity of such stars almost
linearly correlates with their age. We plotted the isochrones
for the metallicity Z = 0.004 and age log τ = 6.7÷ 9.0 over
the CMD shown in the top panel of Fig. 3. The coloured
regions in the CMD represent different stages of stellar evo-
lution. The cyan region is for young main-sequence OB stars
(mostly O stars) with absolute F555W magnitude less than
−4; their age is smaller than 20 Myr. The colours from blue
to red show the location of BHeBs of different ages. The blue
colour corresponds to the stars younger than 30 Myr, green
– to those between 30 and 55 Myr, orange – to the stars with
ages between 55 and 115 Myr, and the red area contains the
stars with ages from 115 to 190 Myr. Note that stars at other
evolution stages should also appear in the mentioned areas,
but the BHeB stage is noticeably longer, and we can expect
most of the detected stars to be at that stage. The locations
of the detected OB and BHeB stars are shown in Fig. 4.
As follows from Fig. 4, the main-sequence O stars that
trace the areas of the ongoing star formation are indeed
located mainly in the H ii regions. The distribution of BHeBs
traces the location of regions of the recent star formation and
as one can see from Fig. 4, most BHeBs aged between 30 and
55 Myr are located inside the central SGS and northwestern
supershell. The older BHeBs are distributed more or less
uniformly which agrees with the results of Bastian et al.
(2011) for other galaxies.
4 IONIZED- AND NEUTRAL-GAS
KINEMATICS
4.1 General neutral-gas kinematics
The previous studies (Ott et al. 2001; Oh et al. 2011) of
the neutral-gas kinematics of Holmberg I have shown that
this galaxy rotates slowly and demonstrates significant ra-
dial motions. The shapes of rotation curves reported by dif-
ferent authors look similar, yet the maximum velocity and
the corresponding radius differ (see fig. 9 in Ott et al. 2001
and fig. A.10 in Oh et al. 2011). These discrepancies might
be explained by a low inclination of Holmberg I and sig-
nificant radial motions. All these factors make the analysis
difficult and a bit controversial.
3 http://stev.oapd.inaf.it/cmd
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Figure 4. Distribution of young stars of different ages shown on the Hα emission line image of Holmberg I. As well as in Fig. 3, different
colours correspond to different ages: light blue – OB stars younger than 20 Myr; dark blue – BHeB stars younger than 30 Myr; green
– BHeB of ages from 30 to 55 Myr; orange – BHeB of ages from 55 – 115 Myr; red – BHeB of ages from 115 – 190 Myr. Red and grey
ellipses show the location of the identified Hα and H i shells, respectively (see Section 4.2).
For analysing the gas kinematics, we would like to sub-
tract the component corresponding to the regular galaxy
rotation from any data cube we obtained. Such a procedure
allows us to highlight the local gas motions caused by a
stellar feedback or gas inflow/outflow processes. This ‘dero-
tation’ method and its advantages are described in Egorov
et al. (2014).
We tried to model the observed H i velocity field by
tilted rings. Significant discrepancies were found towards the
northwestern and southern outer parts of the galaxy, where
the influence of the ram pressure or tidal interaction are
probable. Because of that, we found that a simple tilted-
ring model is not applicable in the case of Holmberg I, and
the inclusion of warp and radial flows is necessary. However,
since we are interested mostly in the inner part of the galaxy,
the construction of such a detailed model is out of the scope
of our paper.
In this paper for reconstruction of the velocity map cor-
responding to the galaxy rotation, we used the results of a
more detailed modelling performed by Oh et al. (2011). The
inclination i = 14◦ and the position angle PA = 45◦ were
adopted. Using this model, we have found that the residual
motions in the H i do not exceed 8 km s−1 in the area sur-
rounded by the SGS. We subtracted the obtained model of
the Holmberg I circular rotation from all H i and Hα data
cubes used further.
4.2 Searching for H i and Hα superbubbles
Up to now, seven H i supershells in Holmberg I were known.
The central galaxy-sized SGS was studied in detail by Ott
et al. (2001); these authors also mentioned the existence of
a smaller H i supershell (#7 in Fig. 5) in the southeast-
ern part of the SGS which is clearly seen on the H i map.
Bagetakos et al. (2011) found six H i holes and expanding
supershells (including the central SGS) by a visual inspec-
MNRAS 000, 1–25 (2018)
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Figure 5. Location of the slices for the PV diagrams in the H i image of Holmberg I (top), which are shown as examples in the bottom
panels. The contours show the Hα flux distribution. Cyan ellipses denote the location of the previously known H i supershells; the red
colour shows the borders of the expanding H i supershells discovered in this work. The examples of the H i line profiles integrated over
the area inside green squares and the results of their multicomponent fitting are shown: black line corresponds to the observed line profile,
red – to the model, blue – to individual components, and green – to residuals. Vertical grey lines in the PV diagrams show the edges of
supershells. Red solid and dotted lines there trace the intensity-weighted mean velocity and its standard deviation, respectively.
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tion of channel maps and further confirmation by analysing
the position-velocity (PV) diagrams. Warren et al. (2011)
derived a slightly larger size of the SGS than other authors
using the reprocessed H i data. The location of all the men-
tioned H i shells is shown in Figs. 4, 5, and their properties
are listed in Table 3. We adopt a diameter of shell #7 given
by Ott et al. (2001) (recalculated for a distance of 3.9 Mpc)
and that for shell #4 (SGS) given by Warren et al. (2011).
For all the other H i shells, we used the parameters listed in
table 7 of Bagetakos et al. (2011)4.
In this paper we are interested in the distribution and
kinematics of the H i supershells in the context of their re-
lation to the young stellar population and to the regions of
the current star formation. We analysed the H i line profile
in the vicinity of the star-forming regions in the SGS and
constructed a large number of PV diagrams crossing differ-
ent parts of the SGS. Fig. 5 shows several examples of them.
One can see that almost all the H i supershells mentioned
above exhibit approaching and/or receding sides in these PV
diagrams (so-called ‘velocity ellipse’). Based on the analysis
of the PV diagrams and two-component H i line fitting, we
confirm previously published values of the expansion veloci-
ties for all of these supershells except for #2. For the latter,
we found Vexp to be significantly lower than that published
by Bagetakos et al. (2011). Moreover, since the largest sepa-
ration between two components of the H i line profile inside
shell #2 is observed at the border with shell #3, we propose
that shell #2 might be just a part of larger shell #3.
As follows from the demonstrated PV diagrams, clear
signs of ‘velocity ellipses’ are also seen outside the previ-
ously known H i supershells. Based on that, we detect four
new expanding H i supershells denoted as #8 – #11. Their
borders were derived from a visual inspection of the PV di-
agrams crossing the shell in different directions. Borders of
shells #8 and #11 are seen on the H i integral map, while
shells #9 and #10 do not appear on it. The last two are
implicitly seen on the channel maps. The expansion veloci-
ties of these new detected H i shells were derived with the
H i line fitting (see examples in Fig. 5); they correspond to
Vexp = 5− 7 km s−1.
We estimated the kinematic ages of all the H i super-
shells in terms of the Weaver et al. (1977) model by the
relation t = 0.3D/Vexp, where D is the diameter in pc, Vexp
– the expansion velocity in km s−1, and t – the age in Myr.
All the values are listed in Table 3.
Thus, the central SGS exhibits a number of local ex-
panding H i supershells of a smaller size on its rim; all H i
supershells are plotted in Fig. 4.
By analysing the Hα image we identified 18 shell-like
emission structures. They mostly correspond to H ii regions,
while 6 of them are faint shells between several H ii regions
named S1 – S6. We show all the identified ionized shells in
Fig. 4 by the red ellipses.
It has been shown in many studies (Muñoz-Tuñon et al.
1996; Moiseev & Lozinskaya 2012; Vasiliev et al. 2015a, see
also references therein) that the intensity âĂŞ velocity dis-
persion (I − σ) diagrams for ionized gas can be successfully
4 We corrected a misprint in their table – radii are listed instead
of diameters for Holmberg I which follows from a comparison with
other works and the available H i data.
Table 3. Parameters of the identified H i and H ii shells. The
expansion velocities of H ii regions were measured from shifted
details in the wings of the Hα line profiles. The values of Vexp
and the age in brackets were obtained using Eq. 1.
Name D (pc) Vexp ( km s−1) Age (Myr)
H i shells
1 1008 6 50
2 400 10 12
3 745 12 19
4 2000 6 50
5 858 12 21
6 1371 6 69
7 528 7 23
8 796 5 48
9 874 7 37
10 660 6 33
11 679 6 34
H ii shells
S1 229 38 1.8
S2 708 <22 >9.7
S3 310 (34) (2.7)
S4 144 (32) (1.3)
S5 126 (35) (1.1)
S6 143 27 1.6
MH6 184 20 2.8
MH7 82 85 0.3
MH11 63 (20) (1.0)
MH14 132 (29) (1.3)
MH16 106 (39) (0.8)
MH17 145 (24) (1.8)
MH20a 111 25(17) 1.3 (2.0)
MH21 152 (29) (1.6)
MH25 127 (20) (2.0)
MH32 106 31 (27) 1.0 (1.2)
d 60 74 0.2
f 282 <22 >3.8
used to identify areas where the increased velocity dispersion
is caused by expanding shells. We fitted a single-component
Voigt profile to the Hα line profile in each pixel obtained
from the FPI data cube and constructed the I − σ dia-
gram shown in Fig. 6. The red line in the diagram marks
the intensity-weighted average velocity dispersion of ionized
gas in the galaxy – σm = 20.5 ± 4.5 km s−1. The identical
colours in the diagram (top panel) and map (bottom panel)
are used to highlight the characteristic areas. Thus, the hori-
zontal strip with a relatively low velocity dispersion and high
surface brightness marked in blue corresponds to bright H ii
regions and includes 50 per cent of galaxy’s Hα flux. The
areas of the increased dispersion, which are most likely as-
sociated with spectroscopically unresolved expanding shells,
are shown in green, whereas the red colour corresponds to
shell-like structures with the expected clear separation of the
line profile components. As was shown in Moiseev & Lozin-
skaya (2012), the diagonal yellow lane could correspond to
the presence of compact objects, which highly influence the
ISM (like WR, LBV stars, supernova remnants). The re-
maining areas of low surface brightness corresponding to
the diffuse gas and to the edges of H ii regions are shown in
grey.
As it follows from a comparison of I − σ with the lo-
cation of the identified ionized shells, a half of them are
clearly expanding. Additionally, two areas not showing the
corresponding shell-like nebula appear in the I − σ diagram
MNRAS 000, 1–25 (2018)
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Figure 6. Hα intensity – velocity dispersion diagram for Holm-
berg I (top). The red solid horizontal line marks the intensity-
weighted mean velocity dispersion of ionized gas in the galaxy
and the dashed lines – its standard deviation. The bottom plot
shows the location of regions marked by different colours in the
I − σ diagram. The contours correspond to the lines of equal Hα
intensity. Cyan ellipses show the borders of shell-like structures
appearing in the Hα image (see Fig. 4).
as expanding superbubbles. One of them is located at the
southern edge of the complex of ionized shells and might rep-
resent faint expanding superbubbles without resolved mor-
phology, while another (in the western complex of ionized
nebulae in the galaxy) coincides with the relatively bright
H ii region – MH4.
We tried to estimate the expansion velocities of the
identified ionized superbubbles applying a multicomponent
Voigt fitting to the observed Hα line profile towards the in-
ner part of each of them (see the examples of the line profiles
in Figs. 8 – 12). Unfortunately, with the current spectral and
spatial resolution only two regions – MH7 and d – show clear
separated components in the line profiles. These objects are
marked by the yellow colour in the I−σ diagram and identi-
fied as probably unique energy sources. In Section 6 we will
show that they are good supernova remnant candidates.
Most of the remaining shells reveal the enhanced veloc-
ity dispersion inside them, and the blue- or redshifted faint
components are observed in the wings of the Hα line profile
in some of them. For those objects, we used a separation be-
tween the components to estimate their expansion velocity.
A small angular size of some of the observed ionized
shells results in smoothing the line profiles (even for rela-
tively fast-expanding regions) and makes impossible the di-
rect detection of signs of their expansion from the line profile
asymmetry at the given spatial resolution. At the same time,
for several H ii regions we observe the maximum line-of-sight
velocity dispersion σ in its centre, while it slowly decreases
towards the edge. As was shown in Guerrero et al. (1998),
in such a case, the expansion velocity correlates well with
the gradient of the line-of-sight velocity dispersion, and as
we will show in Smirnov-Pinchukov & Egorov (in prep.), it
can be estimated as
Vexp = α×
√
σ2HII − σ20 , (1)
where σHII is the velocity dispersion inside the nebula, σ0
– in its unperturbed vicinity. The coefficient α depends on
the spectral resolution and on σ0; in the case of our data
α = 1.59± 0.04. The results are listed in Table 3.
Using the estimated expansion velocities, we measured
a kinematic age of each ionized superbubble using the same
approach as for H i supershells. The obtained values do not
exceed 3 Myr for all the regions except S2 and f. These
older faint supershells will be discussed in Sections 5 and 6,
respectively.
It is worth noting that the estimated values of the kine-
matic age correspond to the expansion velocities measured
by faint details in the wings of the Hα line profiles for al-
most all regions. Since these faint components can be of
origin not related to an expanding superbubble (e.g., a lo-
cal gas inflow/outflow), the calculated values of Vexp can be
significantly overestimated which leads to possible underes-
timation of the age.
5 COMPLEXES OF IONIZED GAS AND
IONIZATION BALANCE
The ionized gas in Holmberg I is distributed along the walls
of the central H i SGS revealing the brightest H ii regions in
its southeastern part and relatively faint regions in the area
between this SGS and another one in the west. Our estimate
of the galaxy’s Hα flux corrected for reddening F (Hα) =
(3.60 ± 0.04) × 10−13 erg s−1 cm−2 is in good agreement
with the previous measurements made by Karachentsev &
Kaisin (2007).
Our deep Hα images, as well as FPI data, allowed us
to identify several new faint H ii regions and diffuse struc-
tures that were never observed before in Holmberg I. It
is clearly seen from our data that the individual H ii re-
gions in the galaxy are bound together by faint filament-
like structures with a surface brightness of 0.2 − 1.0 ×
10−16erg s−1cm−2arcsec−2 in the Hα line.
Based on these newly discovered faint structures join-
ing bright nebulae, we select five unified extended complexes
MNRAS 000, 1–25 (2018)
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Figure 7. Hα image of Holmberg I. The identification of the H ii regions according to the list from Miller & Hodge (1994) is shown
along with their names. Dotted circles show the objects from their list which appear not to be H ii regions. The new faint H ii regions
identified in this paper are shown by squares and named by letters. Dashed ellipses denote the borders of the H ii complexes discussed
in Section 5.
in Holmberg I. Further, we will show that they indeed rep-
resent physically connected complexes of the ongoing star
formation. The location of these H ii complexes (#1, 2, 3, 4,
and NW), as well as the names of bright nebulae (according
to the list of Miller & Hodge 1994) inside them, are shown
in Fig. 7. The faint newly identified H ii regions are named
by letters.
Almost all the H ii regions, except for MH10, 13, 26, e,
and f are part of these selected complexes. Note, however,
that a diffuse emission is observed between complex #1 and
the H ii region MH26. Similarly, a faint bridge in Hα is
also seen between the complex NW and the H ii regions
MH10, 13, and e. Despite that, we do not include them in
the mentioned complexes because of a large relative distance
and different environment in H i (e.g., the region MH10 is
located in the place where 3 H i supershells collide, and is
separated from the complex NW by H i shell #2).
In general, the morphology of ionized gas in Holmberg I
in the [S ii] and [O iii] lines (see Fig. 8) is consistent with
the Hα distribution, yet the images in [S ii] and [O iii] are
much more noisy. Note that several H ii regions appear to
be brighter in [O iii] than in Hα, that is especially clear in
the bottom right-hand panel of Fig. 8. We will discuss these
regions in Section 6. The maps of the [S ii]/Hα ratio shown
in the bottom right-hand panels of Figs. 8–12 for each com-
plex reveal a picture typical of other Irr galaxies: most H ii
regions have a low value of [S ii]/Hα in their centres, while
it grows towards their edges. In the majority of regions, the
ratio [S ii]/Hα > 0.4 is observed only in the areas of faint fil-
aments and diffuse emission outside the bright H ii regions.
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Table 4. Parameters of the H ii regions of Holmberg I
Complex LyC? LyC H ii H ii reg. Size vlos σv F(Hα) EWHα Age morphology
1050 1050 (pc) ( km s−1) ( km s−1) 10−15 erg s−1 cm−2 Å (Myr)
total 16.0 4.5
29 165 −12.2± 2.5 17.3± 1.7 25.7 629 4.6 multiple
30 90 −8.7± 0.9 21.7± 1.2 4.2 463 5.0 compact
1 1.52 0.86 31 90 −18.3± 3.0 29.1± 0.8 1.2 119 7.2 diffuse
32 220 −6.4± 4.8 24.4± 3.6 16.7 231∗ 6.1∗ shell
i ∼ 170 − − 0.6 190 6.4 diffuse
14 230 0.0± 3.2 24.4± 2.2 10.0 290 5.5 shell
16 160 4.1± 3.4 28.9± 2.0 6.7 289 5.5 multiple
17 160 −2.2± 1.4 22.0± 1.7 14.7 325 5.4 comp.+shell
18 60 2.3± 3.3 22.3± 0.6 6.8 241 6.0 compact
19 85 −5.2± 1.7 21.3± 0.9 1.3 648 4.6 diffuse
2 7.06 2.49 21 220 −1.4± 3.4 25.1± 1.2 20.8 769 4.4 shell
22 90 −4.1± 2.7 23.1± 1.1 8.6 331 5.3 compact
23 110 0.7± 4.1 20.5± 1.3 5.6 826 4.3 compact
25 200 −0.6± 1.8 19.9± 0.8 50.0 980 4.1 shell
g 150 −4.8± 2.2 22.3± 1.6 2.2 816 4.3 diffuse
h 115 −3.0± 2.6 19.7± 1.4 1.3 291 5.5 diffuse
7 150 −0.1± 2.8 28.8± 4.1 4.7 299 5.5 shell
8 130 −2.3± 2.4 20.8± 3.4 0.8 78 7.8 diffuse
3 1.2 0.46 9 140 −7.6± 4.0 20.9± 1.1 6.0 341 5.3 compact
11 120 −15.5± 3.0 20.7± 1.2 10.2 422 5.0 shell
12 140 −5.8± 4.0 20.6± 0.6 4.2 1081 3.8 compact
d 130 −8.6± 4.2 22.8± 5.5 1.4 93 7.5 shell
20 60 −14.0± 3.6 18.2± 0.8 1.3 246 5.9 compact
4 0.33 0.12 20a 185 −8.0± 1.9 18.5± 1.9 2.6 70 8.1 shell
24 130 −16.1± 3.0 14.6± 0.9 2.8 127 7.1 compact
1 245 −11.0± 3.9 18.0± 2.9 4.6 237 6.0 diffuse
2 95 −3.5± 3.4 21.0± 0.5 9.6 657 4.6 compact
3 110 −13.5± 1.8 18.7± 1.7 0.6 86 7.6 diffuse
4 110 −0.8± 1.7 26.2± 2.3 1.2 86 7.6 diffuse
NW 1.86 0.6 5 60 −15.3± 1.4 16.6± 0.4 0.6 526 4.8 compact
6 290 −15.4± 2.5 17.7± 1.9 5.7 94 7.6 shell
a 40 −1.2± 2.7 23.9± 0.7 0.4 196 6.4 compact
b 115 −9.7± 4.6 17.2± 1.5 1.5 1690 2.9 compact
c 205 −18.8± 4.9 16.3± 3.0 2.0 99 7.4 multiple
0.30 0.11 10 235 −21.3± 1.6 14.5± 1.3 7.4 1610 2.9 diffuse
0 0.03 13 75 −10.1± 2.3 17.8± 1.3 1.2 165 6.6 compact
separate 0.83 0.06 26 200 −6.3± 2.1 14.1± 1.2 4.6 147 6.1 multiple
0.036 0.016 e 125 4.8± 2.6 13.2± 2.0 1.1 263 5.7 compact
0 0.03 f 310 −0.6± 4.5 11.3± 5.6 1.7 225 6.1 shell
∗ EW(Hα ) the value is highly contaminated by the presence of a background galaxy. Hence, the age can be overestimated.
Most probably, we observe an emission of the diffuse ionized
gas (DIG) there which is detected in many other galaxies.
Its emission and enhanced line ratios in star-forming galax-
ies are usually explained by the leakage of hard ionizing
quanta from H ii regions with an additional influence of
shock waves propagating through the low-density medium
and turbulent mixing layers (see, e.g., Hoopes & Walterbos
2003; Seon 2009; Zhang et al. 2017, and references therein).
If the H ii complexes we selected are indeed unified
structures, their Hα emission should be consistent with the
location of the young stars inside a complex, and the age of
H ii regions in a complex should be more or less identical.
We estimated the age of each H ii region from the equivalent
width (EW ) of its Hα emission line derived from the images
in this line and in the nearby continuum (EWHβ derived
from the spectra is also used in Section 6).
The possibility of using the EW of Balmer lines as an
age indicator was illustrated by a number of authors (e.g.,
Copetti et al. 1986; Schaerer & Vacca 1998; Leitherer et al.
1999). We use the model published by Levesque & Leitherer
(2013) for the sub-solar metallicity (Z = 0.004). The results
are listed in Table 4. Taking into account that EWHα be-
comes much less sensitive to ages older than ∼ 5−6 Myr, we
may state that the ages of H ii regions are almost identical
in each H ii complex, yet a few younger or older regions than
median value are observed.
As follows from a comparison between Table 4 and Ta-
ble 3, the age of the H ii regions derived from EWHα is
systematically higher than kinematic-age estimates for the
same regions. Such a problem of inconsistency between these
two methods of age estimation was discussed previously in
Wiebe et al. (2014). As we mentioned in Section 4, because
of the assumption used for estimating the expansion veloc-
ity, the obtained values of kinematic ages can be underes-
timated. On the other hand, the relation between EWHα
and the age of H ii region was obtained assuming a single
stellar population and is highly dependent on the used mod-
els and initial mass function. The presence of an additional
older stellar population in the region (that is very proba-
ble in Holmberg I since stars with ages of about 100 Myr
are observed in the same place as OB stars, see Fig. 4) will
increase the observed continuum level and decrease the age
derived with this method.
We analysed the ionization balance for each complex
based on the selection of O stars made in Section 3. Us-
ing the models from Martins et al. (2006), we evaluated the
bolometric luminosity and the number of ionizing photons
LyC? from each O star. Similar values can be inferred from
the observed Hα flux. We estimated the number of ioniz-
ing photons Q0 needed for gas ionization in each H ii com-
plex with the procedure described in Osterbrock & Ferland
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Figure 8. Images of Holmberg I in the Hα, [S ii], [O iii] lines and a map of the [O iii]/Hβ line ratio (constructed as [O iii] /Hα
multiplied by 2.86). The contours on each panel correspond to the Hα intensities of (0.75, 1.5, 3, 4.5) × 10−16 erg s−1 cm−2 arcsec−2.
Examples of the Hα line profile averaged over the areas denoted by the green borders (in the Hα image) are shown. The observed line
profiles are shown by the black line, the results of its decomposition onto the individual Voigt components – by the blue line, the sum
of components – by the magenta line, and the residuals – by the green line. The names of the corresponding H ii region are given in
parentheses.
(2006). For the case of optically thick nebulae, its Hα lumi-
nosity LHα depends on Q0 as
L(Hα)
hνHα
' α
eff
Hα
αB
Q0 ' 0.45Q0, (2)
where the Hα effective recombination coefficient αeffHα '
1.17×10−13 cm3 s−1 and the total recombination coefficient
of hydrogen αB ' 2.59 × 10−13 cm3 s−1 for T = 10 000 K.
Hereafter we refer to the estimated amount of needed ioniz-
ing photons Q0 from (2) as LyCHII to note that it has been
converted from the Hα luminosity.
The estimated values of LyCHII and LyC? for each H ii
complex are shown in Table 4. As follows from this table,
the identified young massive stars provide even more than
enough ionizing quanta to produce the observed Hα lumi-
nosity of each complex.
The excess of ionizing quanta points to their possible
leakage from the H ii complexes because of the porosity of
the ISM. About 60 per cent of the available ionizing radi-
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ation should escape from each H ii complex to provide the
observed Hα flux. A recent modelling of the feedback of a
star cluster onto the ISM performed by Rahner et al. (2017)
has shown that the escape fraction of ionizing radiation from
low-metallicity (the same as for Holmberg I) massive molec-
ular clouds might indeed be large – up to 60 per cent and
even higher in some short periods of its evolution.
The large escape fraction of ionizing radiation from the
H ii complex should provide a large amount of the diffuse
Hα emission in the galaxy. Thus, Oey et al. (2007) showed
that about 60 per cent of the total Hα emission of a galaxy
(independently on its type) is represented by its diffuse com-
ponent. Our values of the escape fraction are in agreement
with these estimates. Our images actually reveal a num-
ber of elongated diffuse structures towards the inner part of
the SGS and on the rims of smaller H i supershells. Earlier
in Egorov et al. (2014) and Egorov et al. (2017), we have
identified faint ionized giant (1.5–2 kpc sized) supershells
on the inner rims of H i SGS of the galaxies IC 2574 and
Holmberg II. Probably, such a large structure could also ex-
ist in Holmberg I, but its brightness is below the detection
limit of our observations. Indeed, the ionized supershell in
Holmberg II was observed at a surface brightness level of
3− 6× 10−18erg s−1cm−2arcsec−2 that is nearly the detec-
tion limit during our observations of Holmberg II but below
that for Holmberg I.
Note also that some stars identified as being of the OB
type could be not OB actually (see Section 3). Some young
stars classified as OB in Fig. 4 lie significantly outside the
H ii regions and probably are misclassified. This fact will
reduce the estimated fraction of ionizing quanta especially
calculated for the whole galaxy (fesc ∼ 70 per cent).
Below we describe each of the identified H ii complexes
and analyse their ionized gas kinematics (see Figs. 8–12).
H ii complex #1
This complex contains an arc of several bright H ii regions
and the faint diffuse shell S1, and is limited by a faint ring
with a diameter of about 700 pc (the shell S2). The brightest
H ii regions in the complex are located at the outer edge of
the SGS.
Faint blueshifted (and even broad underlying) compo-
nents in the Hα line profiles are observed in the central part
of the complex near the bright nebulae (see profiles #14, 18
in Fig. 9), while the faint redshifted emission is detected in
the line profiles outside the bright nebulae towards the outer
part of the complex (profile #19).
The most intriguing structure observed in this complex
is a surrounding ring – shell S2. While it is only noticeable
in other Hα images as a faint filament (see, e.g., Fig. 4), it is
much better seen in the top left-hand panel of Fig. 9, where
adaptive binning was used to reach a signal-to-noise ratio
better than 10 in each pixel. An analysis of the FPI data
cube shows that this structure is clearly seen at blueshifted
velocities and almost disappear at red channels. The top
right-hand panel of Fig. 9 also shows that the shell S2 is
blueshifted relative to other part of the complex and of the
whole galaxy as well.
Several faint clumps in the southern part of the ring
S2 demonstrate the unperturbed single component Hα line
profiles (see profiles #13 and #20 in Fig. 9), while its north-
ern part reveals the slightly asymmetrical Hα line profiles
(#16 and #17) with blue- or redshifted components in their
wings. Note, however, that the signal-to-noise ratio for these
components is low.
Only with this information at hand, we can speculate
on a possible nature of the shell S2. It might be created by
the ionizing radiation of a few O stars outside bright H ii
regions as well as the UV photons leakage from those re-
gions influencing surrounding neutral gas. As follows from
Figs. 1, 5, complex #1 is located in the low-density medium
(in comparison with the other part of the SGS) but at the
edge of the relatively bright H i cloud. We propose that the
complex is located at the front edge of this dense H i cloud.
In that case we should observe the faint ionizing front mov-
ing towards us through the low-density H i medium even at
a great distance from the complex, while its bright receding
side should be much slower and will be interpreted as a non-
shifted component of the line profile. Such a picture is able
to explain the observed blue shift of the ring on the line-of-
sight velocity map and is consistent with the observed Hα
line profiles (the presence of a faint blueshifted component)
from different regions of complex #1.
H ii complex #2
The brightest complex of star formation is located in the
southeastern part of the SGS in the area of its maximum
H i density that explains a large number of O stars and
H ii regions there. Most H ii regions are encircled by H i
supershell #7, and the northeastern H ii regions are located
at the edge of H i supershell #9 (see Figs. 4, 5). Many
H ii regions there have the shell-like morphology, and their
Hα line profiles (e.g., #24, 32, 33 in Fig. 10) show signs of
expansion with velocities corresponding to kinematic ages
of 1 − 2 Myr. The second largest ionized superbubble in
the galaxy – S3 – is observed in the central part of the
complex and joins several bright H ii regions. Its kinematic
age (∼ 3 Myr) is slightly greater than that of other shells in
the complex, that can point to its relation to the previous
generation of stars formed there. Most O stars found in the
complex are located inside the H ii regions, and none of them
was found towards the centre of the S3 shell.
An extended area of the diffuse ionized gas (including
two faint H ii regions g and h) is observed at the south-
eastern edge of the complex in the low-density environment
showing the multicomponent Hα line profile at some places
(e.g., profile #26 in Fig. 10). The faint filaments extending
towards the centre of the SGS and of H i supershell #9 are
also observed. All these features are probably the result of
the ionizing quanta leakage from H ii regions due to inho-
mogeneities of the ISM.
In general, all the H ii regions and ionized shells are of
more or less the same age (see Tables 3 and 4), that together
with the detection of a large amount of diffuse filaments
and the presence of surrounding H i supershell #7 indicates
that complex #2 is indeed a unified structure. Probably, at
a higher spatial and spectral resolution it would be worth
exploring this complex as a separate H i supershell with star
formation in its walls.
Note that one of the brightest H ii regions in the galaxy
– MH25 – may not be related to H ii complex #2. We con-
sider it as a part of complex #2 because of a very close
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Figure 9. Complexes #1 and #4: their image in the Hα line (top-left), line-of-sight velocity (top-right) and velocity dispersion (bottom-
left) maps, and the distribution of the [S ii]/Hα ratio (bottom-right). The contours on each panel correspond to Hα intensities of
(0.75, 1.5, 3, 4.5) × 10−16 erg s−1 cm−2 arcsec−2. The examples of the Hα line profile averaged over the areas denoted by the green
borders (in the Hα image) are shown. The observed line profiles are shown with the black line, the results of its decomposition onto the
individual Voigt components – with the blue line, the sum of components – with the magenta line, and the residuals – with the green
line. The names of the corresponding H ii region or shell (if any) are given in parentheses.
location to it, but neither obvious emission filaments nor
diffuse gas connecting them are observed. In addition, it is
located at the edge of H i supershell #9 and far away from
supershell #7, while the latter joins all other H ii regions in
complex #2.
H ii complex #3
We joined a chain of the H ii regions in the southwestern
part of the SGS to complex #3. As follows from Figs. 4,
5, most part of this complex is located at the edge of H i
supershell #10.
In contrast with the previous two, this complex does
not show any extended diffuse emission around the H ii re-
gions, yet a filament connecting all of them can be clearly
seen. The velocity field (the top right-hand panel in Fig. 11)
shows a significant difference of the line-of-sight velocity in
this complex. The area surrounding the H ii region MH11
is blueshifted at ' 20 km s−1 in comparison with the other
part of the complex. Taking it into account, the physical re-
lation of the H ii regions in this complex with each other is
less evident than that in other complexes.
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Figure 10. Same as in Fig. 9 but for complex #2.
H ii complex #4
This small complex consists of two bright nebulae MH20 and
MH24, the shell MH20a, and the extended diffuse emission
filling the area. The enhanced [S ii]/Hα ratio in our long-slit
spectra between these nebulae (see also Fig. 9) together with
the presence of a blueshifted component in the wing of the
Hα line profile (e.g., #21 in Fig. 9) indicates a major role
of shocks in excitation of the diffuse emission. The complex
is located towards the inner wall of the SGS and the centre
of H i supershell #9. Hence, it resides in the environment
of a lower density in comparison with complexes #1 and 2
which can explain a small number of H ii regions and low
star-formation rate there.
In contrast with all other H ii complexes in the galaxy,
this complex is seen close to the centre of a large H i super-
shell. We suppose that it is actually located at the approach-
ing side of H i supershell #9. This assumption is consistent
with the H i and Hα kinematics in the region. Indeed, as
follows from the PV diagrams and H i line profiles shown
in Fig. 5, H i supershell #9 is clearly expanding and its
approaching side has the velocity V ' 10 km s−1 at the po-
sition of complex #4. This estimate agrees well with the
line-of-sight velocity of ionized gas there: the whole complex
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Figure 11. Same as in Fig. 9 but for complex #3.
#4 is blueshifted at ' 10−18 km s−1 (see the top right-hand
panel in Fig. 9).
As follows from fig. 9 in Weisz et al. (2008), the spatial
density distribution of both red and blue stars shows a peak
there. Note, however, that most of the O stars detected there
lie close to, although, outside the mentioned H ii regions
and the whole complex as well. At the same time many of
BHeB stars of ages of 50−200Myr are observed towards this
complex. Together with the age estimates of the H ii regions
(see Table 4), it allows one to propose that this complex is
older than those previously discussed.
H ii complex NW
Especially interesting is a group of nebulae located at the
northwestern side of the galaxy in the dense layer of H i
between the SGS and supershell #1.
We classified this ‘arc’ of faint H ii regions as a uni-
fied complex based on the presence of the diffuse emission
connecting them with each other that coincides with the
distribution of H i. The additional evidence is that almost
all the H ii regions show more or less similar ages (see Ta-
ble 4). Taking into account the localisation of neutral and
ionized gas, we conclude that the ongoing star formation in
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Figure 12. Same as in Fig. 9 but for the complex NW. The Hα flux distribution from the FPI data is used here instead of the Hα
narrow-band image because of a better sensitivity to faint emission features. The contours on each panel correspond to Hα intensities of
(0.5, 1, 2, 4)× 10−16 erg s−1 cm−2 arcsec−2.
this complex was triggered by the collision of supershell #1
with the SGS (see the discussion in Section 7).
The ionized gas in the complex NW almost does not
reveal any high velocity motions except for few diffuse ar-
eas, where the blue- or redshifted components in the wings
of the Hα line profiles are observed (profiles #46, 49, 51,
55 in Fig. 12), and the region MH4 revealing a broad Hα
line profile (#48 in Fig. 12). Note, however, that the north-
eastern part of the complex shows a significant blue shift of
the line-of-sight velocity (up to −25 km s−1). Moreover, the
kinematics of ionized and neutral gas are different there: H i
is observed even at the redshifted velocities at some places
(see, e.g., the PV diagram #4 in Fig. 5). The collision of two
H i supershells and inhomogeneities in the H i density dis-
tribution can be a reason of such a complex gas kinematics.
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Figure 13. Diagnostic diagrams [O iii]/Hβ vs [N ii]/Hα (left) and [S ii]/Hα (right) constructed for the individual H ii regions in
Holmberg I. The models of the shock+precursor emission for the metallicity z = 0.004 (the SMC set of models) from Allen et al. (2008)
are overplotted in both diagrams. The 2D-histogram in the right-hand panel shows the distribution of [O iii]/Hβ vs [S ii]/Hα derived
from direct images. The black line in both panels is for the ‘maximum starburst line’ from Kewley et al. (2001), and the grey line from
Kauffmann et al. (2003) in the right-hand panel separates pure star-forming regions from those with a composite mechanism of excitation.
6 INDIVIDUAL H ii REGIONS AND
ANALYSIS OF THEIR SPECTRA
In this Section we analyse the emission spectra and chemical
abundance of the H ii regions in the galaxy Holmberg I.
Several most interesting H ii regions are discussed in details.
The most complete catalogue of the H ii regions in
Holmberg I by Miller & Hodge (1994) contains 32 H ii re-
gions. In the current paper, we reveal several new H ii re-
gions (shown with squares and denoted by letters in Fig. 7)
together with the faint extended structures of ionized gas
mentioned in the previous Section. On the other hand, some
areas of ionized gas identified by Miller & Hodge (1994) as
H ii regions seem to be extended filaments of ionized gas
created by the stellar wind or supernovae from a nearby OB
association: MH3, 4, 8, 19, and 28. The region MH15 does
not reveal any emission in the Hα line and seems to be a
bright star. These non-H ii regions from Miller & Hodge
(1994) are shown in Fig. 7 by the dotted circles.
Table 4 lists the properties of each H ii region in the
galaxy: its size, median line-of-sight velocity VLOS and ve-
locity dispersion σ, integrated Hα flux F(Hα), equivalent
width of the Hα line EW(Hα), age derived from EW(Hα),
and the type of its morphology according to our classification
made by eye. Note that several H ii regions are classified as
multiple – they represent several compact (or compact and
diffuse) nebulae instead of single as was defined earlier.
Only four brightest H ii regions have been previously
spectroscopically studied: MH18, 22, and 29 (Croxall et al.
2009), and MH25 (Miller & Hodge 1996). We obtained the
spectra for the galaxy with slits crossing a large part of
its H ii regions (see Fig. 2). For every observed region,
we obtained the integrated emission spectrum for a further
analysis. The reddening-corrected values of most measured
emission-line fluxes (normalized to the fluxes of the Hα or
Hβ lines) are listed in Table 5. The adopted values of the
interstellar extinction coefficient c(Hβ) calculated from the
observed Balmer decrement are also shown in the Table. The
values of [S ii]/Hα and [O iii]/Hβ obtained from direct
images agrees well with those measured from the long-slit
spectra.
In Fig. 13 we plot the H ii regions, for which we ob-
tained spectroscopic data in the diagnostic BPT (Baldwin,
Phillips & Terlevich 1981) diagrams. The right-hand panel
shows also a 2D histogram corresponding to the distribution
of line ratios for each pixel of our images. The emission from
the regions lying above the black ‘maximum starburst line’
(Kewley et al. 2001) cannot be explained by photoioniza-
tion from massive OB stars. Composite mechanism of exci-
tation should work for regions lying between this line and
the grey curve from Kauffmann et al. (2003) (for the so-
lar abundance) in the left-hand panel. As follows from the
right-hand diagram, some pixels in our narrow-band images
fall into the area above the maximum starburst line. These
pixels correspond to a faint emission outside H ii regions
only, and as we noted in the previous Section, they most
probably represent the DIG.
All the H ii regions observed with the long-slit spec-
trograph (except for the faint diffuse region MH8) show the
emission line ratios corresponding to their positions in the
BPT diagrams below the separation lines. Despite that, the
shock waves should produce lower line ratios due to the low
metallicity of Holmberg I. In fact, the separation lines should
be shifted towards the lower [N ii]/Hα and [S ii]/Hα line
ratios. We add a grid of shock waves ionization models in
the BPT diagrams from Allen et al. (2008) which correspond
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to the shock velocity from 100 km s−1 and to the metallic-
ity Z = 0.004 (SMC-like). As follows from the comparison
of the [S ii]/Hα ratios with these models, a shock excita-
tion can play a significant role in ionization of the regions
MH7, 8, 24, d, and i. Two of them – MH7 and d – show a
high value of [S ii]/Hα> 0.4 estimated from direct images
and the multicomponent Hα line profile with high-velocity
components (see Fig. 11). Because of this, we consider these
regions as probable supernova remnants. The region MH24
lies close to MH7 in the BPT diagram but does not show
any peculiarities of the ionized gas kinematics – that is why,
we do not consider it as an SNR candidate. The two regions
– MH8 and i – are faint diffuse areas of ionized gas.
Table 5 provides the estimates of EWHβ and corre-
sponding age for all the observed H ii regions obtained in
the way we described in the previous Section. The ages of
H ii regions are consistent with those obtained using EWHα
derived from direct images (see Table 4).
We estimated the oxygen abundance 12 + log(O/H),
which is the indicator of gas metallicity for the most ob-
served H ii regions, yet for several of them we provide only
the upper-limit value. The results are reported in Table 5.
Since the weak [O iii] 4363 Å emission line, which is sensitive
to electron temperature, does not appear in our spectra, we
were unable to use the ‘direct’ Te method for this. We ap-
plied the empirical S-method by Pilyugin & Grebel (2016)
which is based on the flux ratios of the strong emission lines
[S ii], [N ii], and [O iii] to Hβ. This method was selected
among many other developing strong-line empirical calibra-
tions, because it is applicable for low-metallicity galaxies, is
consistent with the results of the Te method and does not
demand measurements of [O ii] 3727, 3729 Å which are very
noisy in our data due to the poor sensitivity of the spectro-
graph in the blue region of the spectrum.
The oxygen abundance of only four brightest regions
was measured before. We have obtained spectroscopic data
for three of them – MH18, 29, and 25. Croxall et al. (2009)
estimated 12 + log(O/H) = 8.04 for the first two of these re-
gions using the ‘direct’ Te method, while their measurements
with the empirical method (McGaugh 1991) gave lower val-
ues (7.71 and 7.82, respectively). Moustakas et al. (2010)
used another empirical method by Pilyugin & Thuan (2005)
and obtained the values 12 + log(O/H) = 7.55 and 7.71,
and 7.54 ± 0.36 for the region MH25. Because of the well-
known problem of discrepancy between different methods
of oxygen abundance estimation (see, e.g., Kewley & Elli-
son 2008; López-Sánchez et al. 2012), we recalculated the
metallicity of these regions with the S method (Pilyugin &
Thuan 2005) using the line ratios reported by Croxall et al.
(2009) to directly compare with our results. Thus, we ob-
tained 12 + log(O/H) = 7.83±0.03 and 7.87±0.03 for MH18
and MH29, respectively. While our metallicity estimate for
MH18 is in a very good agreement with the previous data, its
value for MH29 is lower and is in a better agreement with a
value reported by Moustakas et al. (2010). In fact, the latter
region consists of four compact and one diffuse H ii regions.
Our oxygen-abundance estimate for this region corresponds
to its northern part, while Croxall et al. (2009) performed
the observations of its brightest central part which can be a
reason for the discrepancy. In addition, Croxall et al. (2009)
used a much larger value of the extinction coefficient, that
can also influence the reported oxygen abundance. Due to
the absence of reported fluxes of the [S ii] lines in Miller &
Hodge (1996) and Moustakas et al. (2010), we were unable
to make a similar comparison for the MH25 region, yet our
results do not conflict with the published estimates taking
into account their large reported uncertainty. In general, our
oxygen abundance estimates for Holmberg I are consistent
with the previously published values, yet we observe a sig-
nificant spread of metallicity between different regions.
It is worth noting that for some H ii regions (denoted
by an asterisk in Table 5) the obtained spectra cross only
their outer part. The reported line fluxes for two such regions
(6_3 and 14_17) correspond to the area of diffuse emission
between the nearby H ii regions mentioned in their names.
In all these cases, the observed emission lines come from
the outer parts of H ii regions and, hence, could be highly
contaminated by the DIG and biased towards a lower ion-
ization state. Hence, these regions can show higher values
of [S ii]/Hα and [N ii]/Hα as well as an incorrect value of
EWHβ . The measured metallicity of them can be unreliable.
Additionally, shock waves might have high contribution into
the excitation of the MH7 and d regions and, hence, the
empirical metallicity calibration used in our analysis is not
applicable to them.
Below we consider some interesting H ii regions in more
details.
MH25 (Complex 2)
The brightest and among the largest H ii regions in Holm-
berg I appears as a shell-like structure around six identified
O stars. Our data show a single slightly broaden Hα line
profile, but the observed gradient of velocity dispersion to-
wards the centre of the region points to the presence of an
unresolved expanding superbubble there.
While we consider this region as a part of H ii complex
#2, it could not be related to it. It is located relatively far
away from the majority of the nebulae in the complex and is
clearly tied with H i supershell #9 instead of #7 (see Figs. 4
and 5). Probably, star formation in MH25 was triggered by
the influence of expanding H i supershell #9 with the ISM
in the SGS.
This region was divided into MH25 and MH27 in Miller
& Hodge (1994), while recent images demonstrate that it is
a single object. Differences in ionization conditions of the
inner and outer parts of the region are clearly seen in our
observed data. The gradient of [O iii]/Hβ ratio (Fig. 8, bot-
tom right-hand panel) and the invert gradient of [S ii]/Hα
(Fig. 9, bottom right-hand panel) are typical of H ii regions
with a central source of ionization. The central part of MH25
show the highest [O iii]/Hβ in the galaxy. Because of that, in
addition to the integrated spectrum of MH25, we also anal-
ysed separately its central (MH25c in Table 5 and Fig. 13),
northwestern (MH25nw), and southeastern (MH25se) parts.
The central part of MH25 is the only place in Holm-
berg I, where we have detected the He ii 4686Å line. It
also appears in the integrated spectrum, yet it is not ob-
served in the outer bright areas MH25nw and MH25se, and
the He ii/Hβ ratio is two times higher in the central part
MH25c. Hence, we expect to find a source of ionization in
the centre of MH25 having a sufficiently hard spectrum and
high temperature to explain high ratios of [O iii]/Hβ and
He ii/Hβ.
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Table 5. Results of the emission spectra analysis
Region 1 6_3∗ 7 7 8 8 10
Slit PA142 PA142 PA259 PA212 PA259 PA212 PA150
Pos.(arcsec) -167 – -158 -138 – -116 101 – 107 -132 – -122 95 – 99 -138 – -133 141 – 151
c(Hβ) 0.00± 0.17 0.00± 0.26 0.20± 0.04 0.25± 0.09 0.03± 0.33 0.23± 0.59 0.10± 0.21
[O ii] 3727,3729/Hβ 2.79± 0.36 − − − − − −
He ii 4686/Hβ − − − − − − −
[O iii] 5007/Hβ < 0.16 1.87± 0.40 1.02± 0.04 1.10± 0.09 2.62± 0.69 0.49± 0.39 3.93± 0.65
[N ii] 6583/Hα < 0.05 < 0.06 0.06± 0.01 0.06± 0.01 − − < 0.03
[S ii] 6717,6731/Hα 0.33± 0.03 0.19± 0.05 0.39± 0.01 0.36± 0.01 0.48± 0.09 0.44± 0.09 0.18± 0.04
[Ar iii] 7136/Hβ − − − − − − −
EW(Hβ) 41± 7 18± 4 31± 1 45± 3 9± 2 13± 6 120± 34
Age (Myr) 5.4± 0.2 6.6± 0.4 5.7± 0.1 5.3± 0.1 7.6± 0.3 7.2± 0.6 4.2± 0.3
12 + log(O/H) − < 8.02 7.71± 0.03 7.74± 0.05 − − < 7.78
Region 14_17∗ 18 20a 20a 21∗ 24 25
Slit PA142 PA142 PA259 PA150 PA142 PA259 PA150
Pos.(arcsec) -20 – -8 -3 – 2 41 – 47 34 – 44 4 – 10 28 – 33 -6 – 4
c(Hβ) 0.11± 0.12 0.14± 0.04 0.06± 0.10 0.36± 0.40 0.00± 0.06 0.00± 0.04 0.08± 0.03
[O ii] 3727,3729/Hβ − − − − − − 1.42± 0.68
He ii 4686/Hβ − − − − − − 0.07± 0.02
[O iii] 5007/Hβ 0.47± 0.06 2.59± 0.07 0.16± 0.06 < 0.62 1.06± 0.06 1.25± 0.07 4.76± 0.10
[N ii] 6583/Hα 0.06± 0.01 0.04± 0.01 0.05± 0.02 < 0.04 0.05± 0.01 0.07± 0.01 0.03± 0.00
[S ii] 6717,6731/Hα 0.31± 0.02 0.15± 0.01 0.30± 0.02 0.18± 0.08 0.23± 0.01 0.35± 0.01 0.10± 0.01
[Ar iii] 7136/Hβ − 0.05± 0.01 − − − − 0.06± 0.01
EW(Hβ) 64± 8 72± 3 11± 1 11± 3 253± 46 43± 1 99± 3
Age (Myr) 4.9± 0.1 4.8± 0.1 7.4± 0.1 7.3± 0.4 2.9± 0.4 5.3± 0.1 4.4± 0.1
12 + log(O/H) 7.40± 0.07 7.84± 0.04 − − 7.63± 0.05 7.81± 0.03 7.94± 0.06
Region 25c 25se 25nw 29 31∗ 32∗ d
Slit PA150 PA150 PA150 PA259 PA259 PA259 PA142
Pos.(arcsec) -2 – 0 -6 – -4 2 – 5 -3 – 2 -11 – -6 -19 – -14 -78 – -72
c(Hβ) 0.02± 0.04 0.00± 0.06 0.32± 0.07 0.07± 0.02 0.00± 0.06 0.07± 0.04 0.09± 0.32
[O ii] 3727,3729/Hβ 1.85± 1.24 − 3.07± 2.07 2.88± 0.63 − 1.74± 1.30 −
He ii 4686/Hβ 0.16± 0.05 − − − − − −
[O iii] 5007/Hβ 5.09± 0.18 4.15± 0.20 4.08± 0.21 1.21± 0.02 0.25± 0.03 0.26± 0.03 1.02± 0.34
[N ii] 6583/Hα 0.02± 0.01 0.04± 0.01 0.04± 0.01 0.05± 0.00 0.05± 0.01 0.05± 0.00 −
[S ii] 6717,6731/Hα 0.06± 0.01 0.13± 0.01 0.14± 0.01 0.20± 0.00 0.38± 0.01 0.38± 0.01 0.49± 0.07
[Ar iii] 7136/Hβ 0.06± 0.02 0.10± 0.04 0.05± 0.02 0.05± 0.00 − − −
EW(Hβ) 65± 3 197± 21 118± 9 86± 1 26± 1 51± 2 30± 8
Age (Myr) 4.9± 0.1 3.5± 0.6 4.3± 0.1 4.6± 0.1 6.1± 0.1 5.1± 0.1 5.8± 0.6
12 + log(O/H) − 7.99± 0.08 − 7.66± 0.02 7.15± 0.07 − −
Region d f g i
Slit PA212 PA212 PA142 PA259
Pos.(arcsec) -150 – -145 -252 – -237 13 – 19 -37 – -26
c(Hβ) 0.08± 0.18 0.29± 0.57 0.00± 0.17 0.00± 0.20
[O ii] 3727,3729/Hβ − − − −
He ii 4686/Hβ − − − −
[O iii] 5007/Hβ 0.63± 0.17 0.92± 0.50 2.97± 0.40 2.69± 0.45
[N ii] 6583/Hα < 0.04 < 0.08 0.05± 0.03 −
[S ii] 6717,6731/Hα 0.43± 0.04 0.26± 0.07 0.18± 0.04 0.28± 0.05
[Ar iii] 7136/Hβ − − − −
EW(Hβ) 31± 5 9± 4 162± 55 −
Age (Myr) 5.7± 0.4 7.5± 0.5 3.8± 0.9 −
12 + log(O/H) < 7.66 < 8.21 7.96± 0.15 −
∗The slit crossed only the edge of the region. EW, age, and oxygen abundance estimates can be unreliable.
Given the emissivities and recombination coefficients for
hydrogen and helium (Osterbrock & Ferland 2006), we ob-
tain that L(HeII4686)/L(Hβ) ' 2.14Q2/Q0, where Q2 and
Q0 are the amount of the emitted helium and hydrogen ion-
izing quanta per second. Hence, in order to explain the ob-
served line ratio of He ii/Hβ = 0.16 in the central part of
MH25, the ionizing source should produce Q2 no less than
7 per cent of Q0. According to the models by Smith et al.
(2002), all types of O stars provide less amount of Q2 and
are not available to produce the observed intensity of the
He ii 4686Å line. The presence of the Wolf-Rayet (WR)
star WN10-WN11 is necessary to get the observed flux ra-
tio. Comparing the measured EW of the He ii 4686Å line
(' 9 Å) and its FWHM (' 3.5 Å corrected for instru-
mental broadening) with the empirical diagnostic diagram
of Crowther & Smith (1997) made for different types of WR
stars (see their fig. 1b), we obtain that the MH25 central
source falls into the region occupied by WN9-10 stars.
Summing up, we conclude that despite the fact that
there are no observed peculiarities in the ionized gas kine-
matics in the MH25 region, it represents a slowly expanding
superbubble around a young star cluster with at least 6 O
stars and one WN9-11 star.
MH20 and MH20a (complex 4)
We consider the region MH20 from the list of Miller & Hodge
(1994) as two separate nebulae – the compact H ii region
MH20 and the connected faint shell MH20a because of quite
a large separation between them (see Fig. 7).
A shell-like structure of MH20a is clearly seen in our Hα
images, while no O stars were found inside it. We obtained
two spectra of different parts of this shell – they point to
photoionization as a mechanism of emission-line excitation
according to the BPT diagrams (Fig. 13). A single slightly
asymmetric Hα line profile is observed towards the central
and northern part of MH20a; its blue wing reveals a faint
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component at the level of about 10 per cent of the maximum
and shifted by 58 km s−1 (profile #22, Fig. 9).
The most interesting fact is that the only bright (1.4
mJy) radio continuum point-like source in the galaxy ac-
cording to the VLA observations presented in Hindson et al.
(2018) (see fig. 20 there) clearly coincides with the MH20a
region. The author has shown that this non-thermal ra-
dio emission dominates there, and proposed that its origin
can be a SNR, yet it can also come from some background
source. Our spectral analysis does not reveal any signs of
shock waves there. Moreover, the broad lines corresponding
to a distant quasar are clearly seen in our spectrum PA=259.
Hence, MH20a is not an SNR, and a background source is
responsible for the emission in the radio continuum there.
MH 10
This bright isolated H ii region is located in the area of
interaction of three H i supershells – #2, 3, and 11. Probably,
star formation there has been triggered by their collision.
Two O stars detected there provide a sufficient amount
of ionizing quanta to create the H ii regions, while the anal-
ysis of [S ii]/Hα and [O iii]/Hβ line ratios point to the ab-
sence of the outer area of low-excitation ionized gas. Hence,
this region seems to be density bound and should demon-
strate an efficient leakage of ionizing quanta. Indeed, a faint
diffuse tail of ionized gas is observed elongated towards the
centre of H i supershell #3 (see Fig. 4).
Region f
This nebula at the north of the SGS was detected for the
first time in our Hα images. It represents a faint bubble-like
nebula with irregular density around the star identified as
BHeB of an age from 30 to 55 Myr (see Fig. 4).
The Hα line profiles on the rim of the nebula represent
a single narrow component, while some asymmetry is ob-
served towards the centre of the nebula (see profiles #6 and
7 in Fig. 8). Note, however, that the redshifted component
detected there shows a low signal-to-noise ratio and, hence,
could not be considered as a confident proof of the nebula
expansion.
We observed this region with the long slit in order to re-
veal its nature. The obtained spectrum showed that the main
source of emission-line excitation should be photoionization.
The estimated age of the region is about 7 Myr. Taking into
account its large size (about 300 pc), the region f seems to
be an ionized bubble around a poor OB association at the
late stage of its evolution, yet we have no sufficient data to
definitely state this.
Regions MH7 and d (Complex 3): SNR candidates
The compact faint shell-like region d with a size of about
60 pc observed on the inner rim of the SGS in complex #3
draws our particular attention. Its Hα line profile is signifi-
cantly broad and clearly multicomponent (see profiles #39,
40 in Fig. 11). The estimated expansion velocity of the region
is 74 km s−1 that corresponds to a kinematic age of 0.2 Myr.
An analysis of the spectra crossing the region d show the
enhanced flux ratio of [S ii]/Hα= 0.43–0.49 indicating high
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Figure 14. Region MH7: the map of the central and shifted com-
ponents of the Hα line profile (top panels), their line-of-sight ve-
locities (middle panels), and velocity dispersions (bottom panel).
The contours correspond to the Hα intensities (0.6, 1, 1.4, 1.8) ×
10−16 erg s−1 cm−2 arcsec−2.
contribution of shock excitation. As we noted above, despite
the region falls into the area of pure photoionization in the
BPT diagrams (Fig. 13), its position agrees well with the
models of the shocks in the low-metallicity environment.
Another region showing similar properties – MH7 – is
located close to the region d in the same complex #3. It
also has a broad multicomponent Hα line profile (#38, 41–
43 in Fig. 11) corresponding to a high expansion velocity
(85 km s−1) and a low kinematic age (0.3 Myr). The flux
ratio of [S ii]/Hα= 0.36–0.39 there is a bit lower than for
the region d, yet the MH7 location in the BPT diagrams
still agrees with the models of ionization by shocks.
Both regions MH7 and d stand out among all other H ii
regions in the galaxy. They were classified according to the
I−σ diagram (Fig. 6) as the unique energetic objects. They
appear to be the only regions in the galaxy with the clearly
resolved multicomponent Hα line profile corresponding to
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a high expansion velocity; they show the highest [S ii]/Hα
ratio in the galaxy. Because of that, we consider these regions
as good SNR candidates.
The emission in the region d might be wholly created
by an old SNR, because there are no ionizing sources re-
vealed inside the region (see Fig. 4). A more complicated
situation is in the region MH7 – there are two O stars ob-
served towards the centre of the region. The contribution
of photoionization from them probably reduce the observed
[S ii]/Hα as compared with the region d.
Fig. 14 presents a spatially resolved kinematics of the re-
gion MH7 in details: maps of the flux, line-of-sight velocity
and, velocity dispersion of the central and shifted compo-
nents are shown. It is clearly seen that the highest velocity
dispersion corresponds to a non-shifted component in the
centre of this shell-like region. It is interesting that while the
flux distribution of the central component sets the morphol-
ogy of the region, the blue- and redshifted components are
clearly separated and dominate in different parts of MH7.
We can explain this fact by a high inhomogeneity of the
H i density in the region. Indeed, the local minimum of the
H i density is observed towards the centre of MH7, while it
grows up at its edges. Hence, the shifted components may
correspond to the expanding bubble, whose receding side has
a higher density in its northern part, while the approaching
side – in the southern part.
Given the measured optical size and the expansion ve-
locity of both SNR candidates d and MH7 (see Table 3), we
can derive their energy of explosion necessary to match the
observed properties of the nebulae. A high expansion veloc-
ity suggests that the SNR still undergoes adiabatic expan-
sion. According to the self-similar solution of Sedov (1946),
the evolution of an SNR at this stage can be described by
the following equation:
Rs = 13.5(E51/no)
0.2(t/104yr)0.4 (pc),
where E51 = Eo/1051 erg is the explosion energy, Rs is the
radius, t is the age of an SNR. The expansion velocity of an
SNR evolves as vexp = 0.4Rs/t during this stage. The unper-
turbed density no ' 0.35cm−3 is derived from the H i data
(helium contribution is taken into account). Using these re-
lations, we obtained E51 ' 0.07 and 0.24 for the regions
d and MH7, respectively, proposing the adiabatic stage of
expansion. If a SNR currently undergo the post-adiabatic
snow-plough stage of evolution, we can use the analysis per-
formed by Chevalier (1974). According to this work,
E51 = 5.3× 10−8n1.12o v1.4exp( km s−1)R3.12s (pc),
that gives us E51 ' 0.36 and 0.87 for the regions d and MH7.
Such low values of E51 derived from our analysis do not
contradict the hypothesis of the SNR nature of the objects
d and MH7. Indeed, according to modern understanding,
supernovae having even much lower explosion energy are
observed (see, e.g., Benetti et al. 2016; Chugai 2016; Utrobin
& Chugai 2017). In addition, high radiation loses can also
be responsible for the observed values of the SNR energy
much lower, than the initial explosion energy (Sharma et al.
2014; Vasiliev et al. 2015b).
It is interesting that despite the fact that these two re-
gions appear to be good SNR candidates, they do not exhibit
any bright emission in the radio continuum. Only a faint
source of the non-thermal radio continuum could be identi-
fied between the regions MH7 and d in the images presented
by Hindson et al. (2018). This fact does not contradict their
identification as SNRs. As follows from the analysis of detec-
tions of an extragalactic SNR performed by Bozzetto et al.
(2017), optical SNR candidates statistically tend not to be
detected in the radio or X rays. Probably, deeper radio ob-
servations are needed to clarify the nature of the MH7 and
d regions.
7 DISCUSSION
In this paper we present the deepest Hα images of Holm-
berg I available to date, as well as a detailed study of the
ionized gas kinematics. These data allow us to treat star
formation in the galaxy as a process taking place in large
(several hundreds of pc) unified complexes presenting the
same age and gas kinematics within them. All the individ-
ual H ii regions within a complex are tied together with faint
filaments or diffuse clouds of ionized gas. We state that star
formation in Holmberg I is a self-regulating process at the
scales of such complexes, while the external factors like the
SGS expansion influence the whole star formation in the
galaxy.
All regions of the ongoing star formation in Holmberg I,
similarly to other dIrr galaxies with SGSs, are located on the
rim of the central H i SGS in the areas of high H i density.
This is natural in the framework of the generally accepted
theory of star formation, propagated within an expanding
supershell. Complex #2 represents another example of the
same process but on a smaller scale. The bright nebulae
of this complex are located in the walls of the local H i
supershell #7.
Another well known mechanism of triggering of star for-
mation is the collision of several expanding supershells. It
was reproduced in numerical and analytical models by dif-
ferent authors (e.g., Chernin et al. 1995; Ntormousi et al.
2011; Kawata et al. 2014; Vasiliev & Shchekinov 2017) and
observed in a number of nearby galaxies (e.g. Lozinskaya
2002; Egorov et al. 2017). Several facts point to the conclu-
sion that the supershell collision is a mechanism that trig-
gered the ongoing star formation in the complex NW. Its
related H i supershell #1 has the same age as the SGS (see
Table 3) which points to their previous independent evolu-
tion. Currently, the rims of both supershells are in contact,
and the ionized gas is distributed between them. Moreover,
the distribution of young stars of different ages (see Fig. 4)
inside the complex NW shows a gradient from the centre of
H i supershell #1 towards its northeastern part that is the
evidence for its independent evolution by the influence of
stellar feedback from these stars. Such a gradient is absent
in the southeastern part of the complex (towards the SGS)
that allows one to propose triggering of star formation there
as a result of the supershell collision. Warren et al. (2012)
have found several clumps of the cold low-dispersion H i gas
in Holmberg I. The most extended of them are located on
the rims of the NW shell (in particular, between supershell
#1 and the SGS) that also points to the ongoing cooling
and compression of the ISM that stimulates star formation.
Triggering of star formation by colliding shells can take
place also for several other regions in the galaxy. Thus, the
H ii regions MH10 and MH26 are located at the intersections
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Figure 15. Evolution of the Hα and FUV fluxes logarithm ratio
(blue curve) and difference (red curve) with the age of the cluster
according to STARBURST99 model. The flux difference is nor-
malized to one-third of the maximum FUV flux over the whole
timescale of the model in order to fit both curves to the same
scale.
of several H i supershells. The first one probably formed in
the collision of quite young H i supersells #2, 3 with an older
one #11. A collision of two old H i supershells of almost an
equal age – SGS and #8 – can stimulate star formation in
the MH26 region. Young OB stars are also observed in the
intersection of the SGS and H i supershell #3 (see Fig. 4).
Taking into account the old age of supershells #9 and
#10 together with their location relative to the SGS, we may
also propose that star formation in H ii complexes #3 and
#4 was also triggered by the collision of those shells with
the SGS several Myr ago. However, we cannot exclude now
an opposite scenario – that these supershells on the rim of
the SGS were produced by feedback of supernovae and stel-
lar winds in the mentioned complexes supposing that star
formation in them was taking place at least for several tens
of Myr. The last scenario is supported by a large number of
BHeB stars with ages of 50–200 Myr inside supershell #9,
while only few of such stars are observed inside supershell
#10.
The signs of star-formation propagation and triggering
in Holmberg I are shown not only by the distribution of
stars of different ages, but also by the comparison between
Hα and FUV images. Both Hα and FUV emission trace the
young stellar population in galaxies but they dominate at
different ages. The Hα emission is a good tracer of the cur-
rent star formation (age < 10 Myr), while the FUV emission
traces the recent star formation that took place on longer
timescales (age < 100 Myr). Fig. 15 shows the evolution of
the Hα/FUV flux ratio as well as their difference according
to the STARBURST99 simulations (Leitherer et al. 1999)
for the Holmberg I metallicity Z = 0.2Z. The red line
traces the change of the normalized Hα – FUV flux differ-
ence with the age of the star cluster. This difference is pos-
itive at ages less than about 9 Myr and negative for older
regions. The map of Hα – FUV (Fig. 16) exhibits the re-
gions with a negative value (older than 9 Myr) in blue and
with a positive value (younger than 9 Myr) in red. Hence,
red colour in this image corresponds to the regions of the
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Figure 16. Map of the Hα and FUV fluxes difference for Holm-
berg I. The red colour denotes the regions with the dominated Hα
emission, while the blue colour traces the ones with enhanced con-
tribution of the FUV emission. Green contours correspond to the
Hα intensities (0.75, 1.5, 3, 4.5) × 10−16 erg s−1 cm−2 arcsec−2.
Gray ellipses denote the location of the detected H i supershells.
ongoing star formation, while blue regions – to the areas
where star formation has recently occurred. In many places,
especially in complexes #1, 2, and NW, the blue area is
closely bordered by a younger red area, that points to star
formation propagation within the complex.
The morphology of ionized and neutral gas together
with the young-star distribution allow us to make some spec-
ulative assumptions on further evolution of the SGS. Given
a large number of H ii regions and young massive stars, we
may expect a gradual fragmentation and destruction of the
SGS in the area of its interaction with supershell #1 (NW
complex), where the observed H i density is lower than in
other parts of the SGS. This process will form an open tun-
nel in the H i distribution like it is already observed in the
eastern part of the galaxy (towards supershell #6).
As we have mentioned before, the origin of two expand-
ing supershells #9 and #10 observed on the rim of the SGS
is unclear now. But in any case, their presence demonstrates
a current instability of the SGS there. If they were formed
on the rim of the SGS during the late stages of its evolution,
then these supershells could be considered as a consequence
of the ongoing fragmentation of the SGS driven by stellar
feedback. Or else, if they have evolved independently of the
SGS, we now observe a process of dissipation of these two
supershells as a result of their collision with the SGS – this
process should destabilize the SGS as well.
Summing up, we observe a propagation of star forma-
tion in Holmberg I, and in some places it is triggered by the
interaction of several H i supershells. In its turn, the ongoing
star formation on the rims of the SGS gradually leads to its
destruction.
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8 SUMMARY
We present a detailed multiwavelength analysis of the re-
gions of star formation in the nearby dIrr galaxy Holmberg I.
Since all the H ii regions in the galaxy are located inside the
galaxy-sized H i supergiant shell, we focused on investiga-
tion of star-formation triggering on the rims of the SGS, as
well as on the role of star formation in the evolution of the
SGS.
Our work was based on the data set obtained with the
SCORPIO and SCORPIO-2 focal reducers at the 6-m SAO
RAS telescope: deep Hα, [S ii], and [O iii] narrow-band im-
ages of the galaxy, four long-slit spectra crossing most of
the H ii regions, and the high spectral resolution Hα data
cube obtained with the scanning Fabry–Perot interferome-
ter. These data were complemented with the archival data
in H i 21-cm (VLA) and FUV (GALEX ) from the LITTLE
THINGS archive, as well as by the photometric data of in-
dividual stars observed with the HST (ANGST archive).
Using all these data, we performed an analysis of the ion-
ized and neutral gas morphology and kinematics; described
the emission spectrum of H ii regions in terms of their exci-
tation mechanism and metallicity; identified young massive
stars and compared their energetics and distribution with
properties of the observed ionized gas; traced the spatial
distribution of the ongoing and recent star formation in the
galaxy. Below we highlight the most important results ob-
tained.
• Four expanding H i supershells and 9 new faint H ii re-
gions were found and analysed in addition to the previously
known.
• We show that star formation in the galaxy takes place in
five large unified complexes rather than in the individual
H ii regions. The H ii regions in these complexes are tied
together by faint filaments of ionized gas or embedded into
common clouds of diffuse ionized gas.
• Triggering of star formation on scales of individual com-
plexes, as well as of the whole galaxy, is observed. Most H ii
regions surround places of the recent star formation. In the
northwestern complex, we also observed a gradient in the
age distribution of individual stars. Also our observations
point to the fact that the current star formation there was
triggered by the collision of the SGS with other H i super-
shells.
• The ionized gas distribution in the galaxy reveals 18 shell-
like structures. Most of them appear to be expanding super-
bubbles (according to their enhanced velocity dispersion),
yet only a half demonstrate weak high-velocity components
in the Hα line profile, and only two of them show a clearly
multicomponent line profile.
• We identified two SNR candidates and one WR star in the
galaxy. One object with the bright radio continuum emission
previously proposed as a possible SNR candidate turned out
to be a background quasar.
• A large fraction of the escaping ionizing radiation from
each H ii complex is observed. It points to the expected
large amount of diffuse ionized gas which appears to be only
partially detected in our observations.
• The presence of younger H i supershells of a smaller size
on the rims of the SGS together with a large fraction of
escaping ionizing quanta allows us to propose that currently
we observe a process of SGS fragmentation and destruction
by the influence of star formation on its rim.
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